Abstract: A series of multi-functional porphyrins 1-10 were prepared as a model receptor to clarify the mechanism of electron transfer reaction mediated by molecular recognition between reductase and mobile ubiquinone in membrane. Formation of complementary face-to-face complex is performed by multi-point hydrogen bonding between benzoquinones substituted with methoxy groups and particular porphyrins. Fluorescence from photo-chemically excited porphyrin is efficiently quenched by quinone derivative in the face-to-face adduct. Binding constants and thermodynamic parameters are discussed with structural changes in both quinones and host porphyrins. Newly prepared intrinsic chiral porphyrins with C2 symmetry have been examined as a model receptor for amino acid esters. Thermodynamic investigation on the intermolecular interaction of chiral and reference porphyrins with amino acids enables us to estimate contribution of the respective interactions such as hydrogen bonding, coordination to the metal, and van der Waals contact. The host having the chiral cavity above and below the porphyrin plane shows high diastereomeric selectivity towards amino acids with bulky residue.
INTRODUCTION
A variety of porphyrins and metalloporphyrins have been synthesized for model compounds to understand the functions of heme proteins, heme enzymes, chlorophyll ensemble and vitamin B12. In addition to those models of biologically important elements, synthetic strategies of multifunctional porphyrins as functional dyes have been extended to clarify the mechanism of molecular recognition of naturally occurring small organic substrates such as amino acids, saccharides, and nucleotides. Most prominent advantages of porphyrin framework are summarized as follow: i) Facile introduction of a variety of functional groups at the peripheral positions. ii) Chemical changes in the macro cyclic ring is easily monitored by molecular spectroscopic methods. iii) Complex formation with many metal ions.
We have synthesized the first strapped porphyrins and cyclophane porphyrins by utilizing the porphyrins having divergent functional groups at earlier time (1,2). If convergent functional groups are required for interaction sites in the porphyrin framework, synthesis of the meso aryl substituted porphyrin like precursor of the picket-fence porphyrin is one of promising synthetic approach (3). The convergent functional groups could be fixed by two synthetic methods; The first one is an introduction of the alkyl groups at the P-position of pyrrole rings and the second one is condensation of pyrrole with the substituted naphthaldehyde. Atropisomers obtained from two syntheses are not interconvertible at the ambient temperature due to steric constraint at the meso positions.
The axial chirality with C2 symmetry in the terphenyl derivatives has prompted us to prepare new chiral porphyrins. Terminal ortho or meta-substituted phenyl groups are in the same plane and substituents have a trans conformation. Substituents of the middle phenyl ring are asymmemc relative to the bisected plane involving the two terminal phenyl groups as shown below.
X MODEL RECEPTORS FOR QUINONES
Cis-bifunctional receptors 2 and 3 bind to quinones and nucleobase through two points hydrogen bonding (4,5). The porphyrin 3 acts as preferable receptor to plastoquinone type substrates. Cofacial molecular recognition operating in these complexes are due to electronic effect of substituents of quinones, charge transfer between host and guest, and stenc repulsion. Complementarity of molecular recognition has been examined for the pair of ubiquinone analogues and multifunctional porphyrins atropisomers 1 having four convergent hydroxyl groups (6,7). Hydrogen bonds between the OH groups of host and carbonyls and
(trans)
R methoxy groups constitute complementary recognition sites. Table 1 shows comparison of the binding constants of multi-functional porphyrins with quinone derivatives and the associated thermodynamic parameters. Binding of quinone derivatives is clearly dependent on numbers and positions of the methoxy groups. The crystal structure of aaaa-isomer 1 and tetramethoxy-p-benzoquinone (TMBQ) shows formation of the face-to-face complex. Convergent but more mobile interaction sites in host 4 dramatically decreases binding constant of TMBQ (8) . Fluorescence quenching measurements evidently indicate electron transfer from photochemically excited porphyrin to the quinone involving cofacial complex as major process. 
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'Binding affinilies were determined from electronic absorption studies at 584 nrn.
Introduction of long alkyl chains at the para position of the meso-2-hydroxyphenyl groups has improved solubility dramatically in organic solvents comparing with that of the parent porphyrin. Time course of atropisomerization indicates that dynamic induced fit-type of molecular recognition takes place to lead preferable complex formation with quinone as are seen in Figure 1 . Marked change of statistical ratio of interconvertible atropisomers 5 was induced by addition of ubiquinone analogues (9). Intrinsic chiral porphyrins 7 with C2 symmetry are constructed with the trans-bifunctional aromatic fragments bisected by an asymmetric porphyrin (15) . Contribution of thermodynamic parameters, free energy change, enthalpy change and entropy change for complex formation were approximately separated into metal coordination, hydrogen bonding and Van der Waals interaction by comparison with those of the reference porphyrin hosts as shown in Table 2 . Novel intrinsic chiral porphyrins, 8 and 9, were prepared from condensation of a,a,P,P-tetrakis(2-aminopheny1)porphyrin and asymmetric phthaloyl dichloride (16,17). Chiral recognition operating in the space of doubly bridged 8 are due to the coordination of NH2 to Zn, hydrogen bonding between ester carbonyl of amino acid and bridge amide proton, and van der Waals contact of amino acid residues. Zinc complex of para bridged porphyrin 9 constitutes smaller space for axial ligation. Interaction of bulkier amino acid residue like phenylalanine ester with zinc porphyrin 8 shows higher diastereomeric excess as seen in Table 3 . Electronic effect of the nitro group in the bridged phenyl ring affects the acidity of the amide proton, and the more acidic amide proton in turn increases the binding of substrates toward the host 8 as shown in Table 3 . 
